Since 1991, when in Nature Inoue and co-workers described the first potassium channel in the inner mitochondrial membrane, ATPregulated (mitoK ATP ), four other channels were found. ATP-regulated (mitoK ATP ), large-conductance calcium activated (mitoBK Ca ), voltagedependent (mitoKv1.3), and intermediate-conductance calciumactivated potassium channel (mitoIK Ca ), were identified by the electrophysiological techniques. The last, TWIK-related acid-sensitive potassium channel (TASK-3) was identified with the use of immunofluorescence methods.
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Patch-clamp single channel studies on mitochondria isolated from embryonic rat hippocampus revealed the presence of the potassium channel which has outwardly rectifying activity at the symmetrical conditions (150 mM/150 mM KCl). The channel displayed a conductance of 61 pS, at positive voltages, and also strong voltage dependence. Patch-clamp studies at the mitoplast-attached mode showed that this channel was not sensitive to the classical activators and inhibitors of the mitochondrial potassium channels, but regulated by the pH and arachidonic acid.
In summary, by the single channel recordings, we characterized for the first time an ion channel which was cation selective, permeable to potassium ions and displayed voltage sensitivity. The channel does not correspond to the potassium ion channels described earlier in the inner mitochondrial membrane. T cell receptor (TCR)-mediated generation of mitochondrial reactive oxygen species (ROS) plays a crucial role for expression of interleukin 2 (IL-2) and CD95 ligand (CD95L, FasL/Apo-1L) genes, and consequently, for T cell activation and activation-induced cell death (AICD). Our study demonstrates that a major mitochondrial antioxidative enzyme, manganese superoxide dismutase (MnSOD/SOD2), acts as an important control switch in the process of T activation-induced oxidative signal generation. Higher abundance and activity of MnSOD in the late phase of TCR-triggered response temporally associates with a shutdown phase of mitochondrial oxidative signal generation. Transient or inducible MnSOD over-expression inhibited mitochondrial ROS production. In turn, lower oxidative signal resulted in an abrogated NF-κB-and AP-1-mediated transcription of IL-2 and CD95L genes and decreased IL-2 secretion as well as CD95L-dependent AICD. Moreover, TCR-mediated transcriptional upregulation of MnSOD demonstrates a negative feedback regulation being itself dependent on oxidation-sensitive transcription. Our finding stresses a critical role for MnSOD and mitochondria as regulators of T cell activation.
